Disclaimer: The findings and conclusions in this report are the findings and conclusions of the authors and do not necessarily represent the official position of the US Centers for Disease Control and Prevention.

Introduction {#s1}
============

Diarrhea causes an estimated 1.87 million deaths among children \< 5 years old annually, representing ∼19% of all child deaths[@R1]; 78% of the deaths occur in Africa and Asia.[@R1] Recognizing the potential for dehydrating diarrheal illness to rapidly progress to death led to the introduction of oral rehydration solutions as the cornerstone of life-saving treatment in 1979.[@R2] Early recognition of dehydration, home use of oral rehydration solutions (ORSs), increased fluids and continued feeding, promotion of breastfeeding, and timely medical attention for children with dehydration and diarrhea are important determinants for reducing childhood deaths from diarrhea.[@R3] Few studies have evaluated patterns of healthcare use and home rehydration for young children with diarrhea in Kenya.[@R4]--[@R6] As part of a multicenter, case-control study of acute diarrhea in children 0--59 months of age called the Global Enteric Multicenter Study (GEMS),[@R7] we conducted a one-time comprehensive cross-sectional Healthcare Utilization and Attitudes Survey (HUAS) in 2007 followed by five additional abbreviated surveys from May of 2009 to December 31, 2010. The surveys were administered to caretakers of young children residing in western Kenya within the Health and Demographic Surveillance System (HDSS) area operated through collaboration between the Kenya Medical Research Institute and US Centers for Disease Control and Prevention (KEMRI/CDC). The baseline comprehensive HUAS was designed to estimate diarrhea prevalence and examine caretakers\' knowledge, attitudes, and healthcare-seeking behaviors for children with diarrhea before the GEMS case-control study. The abbreviated surveys were carried out to provide additional information from different seasons and over time.[@R8] The HUAS-lite information allows adjusted attributable fraction data for individual pathogens and moderate-to-severe diarrhea (MSD) incidence rates from sentinel health facilities to be extrapolated to the entire HDSS population.[@R9]

Methods and Materials {#s2}
=====================

Study area and study population. {#s2a}
--------------------------------

The KEMRI/CDC began implementing the HDSS in western Kenya in 2001.[@R10],[@R11] The HUAS and the five abbreviated surveys (called HUAS-lite surveys) were conducted in Asembo and Gem areas, which are part of the HDSS study area, representing an area of ∼500 km^2^ and a population of ∼135,000 persons (population density ∼300 persons/km^2^), about 50--65 km west of Kisumu city ([Figure 1](#F1){ref-type="fig"}). The altitude is about 1,100 m, average monthly temperature is 24.5°C, and annual rainfall is 1,358 mm.[@R12] Rainy seasons generally occur in March to May and October to November.[@R10],[@R11],[@R13] Residents, predominantly of the Luo ethnic group,[@R14] earn their living through small-scale business, farming, and fishing.[@R15] The main source of cooking fuel is firewood,[@R12] and the main source for drinking water is Lake Victoria, streams, and rivers.[@R14] This region reports the highest adult human immunodeficiency virus (HIV) prevalence rates (approximately 15%) in Kenya.[@R16],[@R17] Malaria transmission is high and holoendemic.[@R10],[@R18] In 2007, 20,853 children \< 5 years old (53% female) resided in 217 villages within the Asembo and Gem HDSS areas.

![Location of the Asembo and Gem HDSS areas in western Kenya. The stars located in Asembo and Gem designate the locations of the GEMS sentinel health facilities.](tropmed-89-29-g001){#F1}

Definitions. {#s2b}
------------

A resident of the HDSS area was defined as a person who has lived in the HDSS area for at least 4 consecutive months or a newborn child of such a person.

Diarrhea was defined as more than or equal to three loose stools within the previous 24 hours.

MSD was defined as diarrhea with one or more of the following characteristics: sunken eyes, loss of skin turgor, dysentery (blood in stool), receipt of intravenous rehydration, or required hospitalization.

Less severe diarrhea (LSD) was defined as diarrhea with absence of any characteristic of MSD (above).

Other definitions for this study have been detailed elsewhere.[@R8]

Sample size considerations. {#s2c}
---------------------------

### HUAS. {#s2c1}

The sample size considerations for the HUAS have been described elsewhere.[@R8]

### HUAS-lite. {#s2c2}

The HUAS-lite aimed at enrolling the entire population of caretakers of children \< 5 years old registered as residents in the HDSS area during every round (*N* ∼ 20,000--22,000).

Sampling procedure. {#s2d}
-------------------

### HUAS. {#s2d1}

From a sampling frame of ∼20,853 children \< 5 years old registered in HDSS at the time of the survey, we sought to complete interviews with a minimum of 333 caretakers of children in each of three age strata: 0--11, 12--23, and 24--59 months old.

In total, 1,425 children were randomly selected to participate in the HUAS. To ensure that sufficient numbers of neonates \< 1 month and children 1--4 months were represented, using the most updated census data collected through the HDSS, we supplemented the sample with a list of 100 pregnant mothers (collected from HDSS data from the most recent round; i.e., January to April of 2007) and 130 randomly selected children 1--4 months old from the most recently completed HDSS census round (January to April of 2007). All other children were randomly selected from the previous census round (September to December of 2006), including 230 children 5--11 months old, 370 children 12--23 months old, and 370 children 24--59 months old. To account for an estimated 20% loss in enrollment because of outmigration, death, and children being over age, we randomly selected an additional 75 children per age stratum. Among 1,425 children randomly selected, 553 children were ages 0--11 months (125 neonates, 155 1- to 4-month old children, and 255 5- to 11-month-old children), 445 children were ages 12--23 months, and 445 children were ages 24--59 months. Children who had moved from their residence, could not be traced, died, or were over age were replaced with a child in the appropriate age group. There was no replacement of children who had traveled (but still resided within the HDSS), refused to participate, or were not available after three attempts were made to contact their caretakers. In total, 1,298 caretakers were approached for interview ([Figure 2A](#F2){ref-type="fig"}).

![(**A**) Study enrollment procedures for the cross-sectional HUAS of caretakers of children \< 5 years old in western Kenya in 2007. (**B**) Study enrollment procedures for the HUAS-lite among children \< 5 years old in western Kenya from May 22, 2009 to December 31, 2010.](tropmed-89-29-g002){#F2}

### HUAS-lite. {#s2d2}

The KEMRI/CDC HDSS collects census and surveillance data through house-to-house interviews by trained staff on a regular basis through three rounds in each calendar year (January to April, May to August, and September to December).[@R10] The HUAS-lites were conducted from May of 2009 to December 31, 2010 in conjunction with each of these data collection rounds ([Figure 2B](#F2){ref-type="fig"}).

Data collection. {#s2e}
----------------

### HUAS. {#s2e1}

The baseline survey was carried out from April 25 to May 9, 2007 (the HUAS study period). Trained community interviewers located the households and interviewed the primary caretakers of the randomly selected children. Reinterviews were carried out in 10% of households.

After obtaining caretaker\'s written consent, community interviewers administered to the caretakers of all selected children a pre-tested questionnaire written in English and translated into the local dialect (Dholuo). Through 65 questions (administered over 30 minutes if the child had diarrhea), we collected information on demographics, child morbidity, parents\' perception of illness and use of healthcare facilities, diarrhea history during the past 2 weeks (including signs and symptoms), home and health facility management of the child\'s diarrheal illness (including use of ORS), healthcare use, healthcare expenses, attitudes to healthcare and diarrhea, and hypothetical use of enteric vaccines should they become available. For children without diarrhea, the HUAS survey took, on average, 10 minutes.

### HUAS-lite. {#s2e2}

The HUAS-lite used a condensed version of the HUAS questionnaire with 21 questions; the child\'s primary caretaker was interviewed about information on demographics, the child\'s diarrhea history, and healthcare use. The first two questions screened caretakers to determine if that person was the child\'s primary caretaker and if the child had an illness with diarrhea during the last 14 days. If the child had diarrhea, then the additional HUAS-lite questions were asked; if not, the HUAS-lite interview was complete. For children with diarrhea, the HUAS-lite survey took, on average, 10 minutes to administer.

Data management. {#s2f}
----------------

### HUAS. {#s2f1}

Data were recorded on optical character recognition-enabled forms. After manual accuracy checks, the forms were electronically transmitted from KEMRI/CDC to the GEMS Data Coordinating Center (DCC) at the Perry Point Veterans Administration Hospital in Maryland, where data were captured by DataFax software (Clinical DataFax Systems Inc., Ontario, Canada). Cleaned data were exported to an SAS dataset (SAS Institute Inc., Cary, NC).

### HUAS-lite. {#s2f2}

The HUAS-lite survey form was developed and deployed to a handheld device (Personal Digital Assistant \[PDA\]; HTC Advantage X7500, HTC Corporation, Taoyuan City, Taiwan) running on Windows mobile 6.5 platform. The HUAS-lite questionnaire was developed and deployed to the PDA using Visual Studio.net 2005 and Microsoft SQL server 2005. For data quality, validation rules were programmed to avoid inconsistent or out of range values; repeat interviews were conducted in 3% of compounds per village, and supervisory oversight was conducted on at least 2% of weekly interviews. Weekly data were downloaded in the field to programmed netbooks, from which data inconsistency checks were undertaken. Data cleaning was performed using SAS version 9.2 (SAS Institute Inc., Cary, NC) on download at the KEMRI/CDC HDSS data section. Data were transmitted weekly to DCC through a web-based secure file transfer protocol server, where additional data cleaning and data validation were completed. Databases for each of the five HUAS-lite surveys were exported to SAS datasets.

Statistical analysis. {#s2g}
---------------------

### HUAS. {#s2g1}

We used χ^2^ tests to examine the association between the characteristics of the child and the caretakers\' knowledge, attitude, and health-seeking behavior (predictor factors) and any diarrhea, seeking care outside the home, use of ORS at home, and seeking care from a health facility (outcomes of interest). For all statistical tests, a two-sided *P* \< 0.05 was considered statistically significant. Unadjusted odds ratios (ORs) and accompanying 95% confidence intervals (CIs) were used to assess the strength of the associations between categorical predictor factors and outcomes of interest.

Logistic regression was used to model separately for each outcome to evaluate the effect of specific variables and control for confounding. Variables with *P* ≤ 0.1 from the bivariate χ^2^ tests level were initially entered into the multivariable models. We used a backward stepwise regression method to arrive at our final models. All variables that were significant at *P* \< 0.05 remained in the models. Adjusted odds ratios (aORs) for each variable are reported from the logistic regression model, controlling for the other variables in the model. The analyses were conducted taking stratification and sample weighting into account. The weighting accounted for child sex and age.

### HUAS-lite. {#s2g2}

For each survey, we estimated the 2-week period prevalence of any diarrhea, MSD, proportion of the diarrhea group seeking care outside the home, and proportion of the MSD group seeking care outside the home to one of the designated GEMS case-control study sentinel health facilities. Proportions and 95% CIs were calculated, controlling for correlation at the compound level, because more than one child may have been surveyed from the same compound. The Cochran--Armitage test for trend was used to examine differences across rounds.[@R19] Analyses were performed using SAS statistical software version 9.2 (SAS Institute Inc, Cary, NC).

Scientific ethics. {#s2h}
------------------

For the HUAS, written informed consent was obtained in the local dialect from all participating caretakers before interview. For the HUAS-lite, verbal consent was sought as consent for data collection, because data collection elements for the HUAS-lite were already approved under the existing HDSS protocol (KEMRI Protocol \#1801/CDC Protocol \#3308).

The study protocols for the HUAS and HUAS-lite were reviewed and approved by the Scientific and Ethical Review Committees of the KEMRI (KEMRI Protocol \#1155) and The Institutional Review Board (IRB) of the University of Maryland, Baltimore, MD (UMD Protocol \#H-28327). The IRB for the CDC, Atlanta, GA, deferred its review to the UMD IRB (CDC Protocol \#5038).

Results {#s3}
=======

Estimated prevalence for diarrhea in the HDSS from the HUAS. {#s3a}
------------------------------------------------------------

Based on the weighted analysis, the estimated prevalence of any diarrheal episode during the past 2 weeks at baseline was 22.3% (CI = 19.5--25.0) among 20,853 children living in the HDSS area at the time of the HUAS survey.

Diarrhea prevalence in the HDSS from the HUAS-lite. {#s3b}
---------------------------------------------------

The prevalence of reported diarrhea in the past 2 weeks among children \< 5 years old in the HDSS ranged from the highest rate of 10.8% (May 22 to August 31, 2009) to the lowest rate of 3.9% (September 14 to December 31, 2010) ([Table 1](#T1){ref-type="table"}). Among children with diarrhea in the past 2 weeks in the five rounds of the HUAS-lite, the proportion with MSD ranged from 53% (September 15 to December 3, 2009) to 58% (September 14 to December 31, 2010) ([Figure 3](#F3){ref-type="fig"}).

![Prevalence of MSD and LSD in the last 2 weeks among children \< 5 years old by the HUAS-lite round from May 22, 2009 to December 31, 2010, in western Kenya.](tropmed-89-29-g003){#F3}

HUAS study enrollment and background characteristics. {#s3c}
-----------------------------------------------------

During the baseline HUAS, we successfully interviewed caretakers of 1,043 children 0--59 months of age; 275 (26%) children were reported to have had diarrhea during the 2 weeks preceding the interview ([Figure 2A](#F2){ref-type="fig"}). The children with diarrhea included 112 (41%) infants, 108 (39%) toddlers (12--23 months), and 55 (20%) children (24--59 months).

We used data on household asset ownership to rank household wealth from poorest to wealthiest using five quintiles. Overall, 34.3% of 1,043 respondents surveyed lived in households within the two lowest wealth quintiles; the highest proportion of children with diarrhea (33%) fell within the poorest wealth quintile ([Figure 4](#F4){ref-type="fig"}). Other characteristics of the households of children with diarrhea in the 2 weeks preceding the study were similar to the characteristics of all households interviewed ([Table 2](#T2){ref-type="table"}). Among caretakers interviewed, 922 (88.4%) caretakers were mothers, 65 (6.2%) caretakers were fathers, 33 (3.2%) caretakers were grandmothers, and 23 (2.2%) caretakers were other relatives.

![Wealth quintile ranking of caretakers of children \< 5 years old participating in the HUAS in western Kenya in 2007.](tropmed-89-29-g004){#F4}

Caretakers knowledge, attitudes, and perceptions of illness and health seeking. {#s3d}
-------------------------------------------------------------------------------

We asked caretakers what they would look for to determine if a child is dehydrated; 716 (68.6%) caretakers indicated that they would look for lethargy, 481 (46.1%) caretakers answered sunken eyes, 369 (35.4%) caretakers answered wrinkled skin, 297 (28.5%) caretakers answered dry mouth, and 297 (28.5%) caretakers answered thirst. In total, 206 (19.8%) caretakers said that they would look for both thirst and dry mouth to see if a child is dehydrated.

According to caretakers, the majority (86.2%) of 275 children who had an episode of any diarrhea in the preceding 2 weeks had three to six loose stools per day. Reported accompanying symptoms included lethargy (*N* = 225, 81.8%), fever (*N* = 201, 73.1%), being very thirsty (*N* = 193, 70.7%), mucus or pus in stool (*N* = 194, 70.6%), dry mouth (*N* = 188, 68.4%), rice watery stool (*N* = 163, 59.7%), sunken eyes (*N* = 162, 58.9%), decreased urination (*N* = 102, 40.2%), wrinkled skin (*N* = 92, 33.7%), vomiting (*N* = 89, 32.7%), coma or loss of consciousness (*N* = 67, 24.6%), and blood in stool (*N* = 34, 12.4%). Caretakers reported overall that 6.7% of children with diarrhea were hospitalized and that 6.6% received administered intravenous (IV) fluids for rehydration; 47% of the children hospitalized with diarrhea received IV fluids.

We asked caretakers what they offered their child to drink and eat during the child\'s diarrheal illness. Of 275 children with diarrhea, 41 (15%) caretakers said they offered the child more drink than usual, 51 (19%) caretakers reported offering the child the same amount, and 183 (67%) caretakers reported that they offered less than usual to drink during the child\'s diarrheal episode. Of those caretakers who offered less than usual, 96 (52%) children were offered somewhat less, 69 (38%) children were offered much less, and 18 (10%) children were offered nothing to drink during their diarrheal illness. Of 269 caretakers who reported what they offered their child to eat during their diarrheal episode, 3 (1%) caretakers offered more than usual, 43 (16%) caretakers offered the usual amount, and 223 (83%) caretakers stated that they offered less than usual to eat. Of those caretakers who offered less than usual, 74 (33%) caretakers offered somewhat less, 67 (30%) caretakers offered much less, and 82 (37%) caretakers offered nothing during the diarrheal illness. According to their caretakers, 66 (37%) of 180 and 77 (35%) of 220 children who were offered less than usual to drink and eat, respectively, had vomiting accompanying their diarrheal illness.

Healthcare was sought outside the home for 214 (77.8%) of 275 children with diarrhea. For any episode of diarrhea, the places visited as the first source of healthcare outside the home included licensed (62%) and unlicensed (11%) providers and pharmacies (27%). Seeking care outside the home was similar among caretakers of children with bloody compared with non-bloody diarrhea (27 \[79%\] of 34 versus 187 \[78%\] of 241, *P* \> 0.05) and more common among caretakers of children who were very thirsty and had a dry mouth compared with children who did not have both conditions (142 \[77%\] of 184 versus 17 \[46%\] of 37, *P* \< 0.05). Of 61 caretakers who did not seek care outside their home for their children with diarrhea, the main reasons that they gave were that the child did not seem to need care (44.3%), the cost of treatment was too high (32.8%), the clinic was too far from home (9.8%), and they were unable to find transportation (8.2%).

The most common means of transportation to the nearest health facility of choice was walking (74%) followed by commercial transportation (which included riding on the back of a bicycle; 13%) and personal transport (generally a bicycle; 4%).

We asked caretakers how long it would usually take to reach the health facility of choice; 770 (74%) of 1,035 respondents estimated that it would usually take less than 1 hour. The main circumstances that make it difficult for caretakers to reach their nearest health facility of choice were that it cost too much money (49%) followed by heavy rainfall or flooding (45%) and lack of transportation (24%).

We asked caretakers about who makes the decision to take the child to a health facility when sick; 809 (78%) of 1,041 respondents said that the child\'s mother makes the decision, whereas 232 (22%) said other relatives, including the child\'s father, make this decision. We asked all 1,043 caretakers who participated in this survey if they think that vaccines are important to their child\'s health; 99% said they think that vaccines are important.

Risk factors for diarrheal illness. {#s3e}
-----------------------------------

The weighted multivariate analysis of risk factors for any diarrheal illness showed that children ages \< 12 months (30.5%, aOR = 2.19, CI = 1.50--3.21) and 12--23 months (31.4%, aOR = 2.24, CI = 1.53--3.30) compared with children ages 24--59 months (16.2%) were at increased risk of having an episode of diarrhea (regardless of severity) during the 2 weeks preceding the survey ([Table 3](#T3){ref-type="table"}). Also, caretakers who knew of a child who had died of bloody diarrhea (aOR = 2.30, CI = 1.50--3.54) and who knew that bloody diarrhea is more dangerous than other forms of diarrhea (aOR = 1.68, CI = 1.20--2.35) were associated with the caretaker reporting that their child had diarrhea in the 2 weeks preceding the survey ([Table 3](#T3){ref-type="table"}). The latter findings may indicate that mothers who understand how serious diarrhea can be may be more alert for it in their children and thus, more likely to report it during a survey.

Predictors of seeking healthcare outside the home for any diarrheal illness. {#s3f}
----------------------------------------------------------------------------

On weighted multivariate analysis, seeking healthcare outside the home for diarrheal illness was less common for infants than children ages 24--59 months (aOR = 0.33, CI = 0.12--0.87) ([Table 4](#T4){ref-type="table"}). Caretakers who said lack of transportation was the main factor preventing them from reaching the health facility of their first choice were more likely to seek care outside the home for any diarrhea compared with caretakers who did not answer in this way (90.5% versus 78.9%; aOR = 3.18, CI = 1.13--8.89). This result may indicate that caretakers who have an expressed preference for certain health facilities may be more willing to seek care, perhaps because they are generally more informed. Caretakers of children who had sunken eyes during their diarrheal illness compared with caretakers of children who did not have sunken eyes (92.2% versus 64.9%) sought care more frequently outside the home (aOR = 4.76, CI = 2.12--10.70) ([Table 4](#T4){ref-type="table"}).

Predictors of seeking healthcare from a health facility among caretakers who sought care outside the home for any diarrheal illness. {#s3g}
------------------------------------------------------------------------------------------------------------------------------------

On weighted multivariate analysis, seeking care from a licensed health facility (versus a non-licensed health facility) among those caretakers who sought care outside the home for any diarrheal illness was significantly more common for infants versus older children (aOR = 5.06, CI = 1.88--13.61), when the caretaker had some formal education versus none (aOR = 3.32, CI = 1.56--7.07), when caretakers thought that bloody diarrhea could cause harm or death (aOR = 3.25, CI = 1.16--9.09), when caretakers did not report circumstances that make it difficult to reach their preferred health facility (aOR = 3.90, CI = 1.47--10.35), when the child was lethargic during the diarrheal episode (aOR = 5.73, CI = 1.79--18.42), when the child had been offered ORS at home (aOR = 6.99, CI = 3.01--16.22), and when the child was offered no special (i.e., alternative) remedies at home (aOR = 10.17, CI = 2.84--36.37). The latter may possibly be indicative of caretakers\' higher education, which was also a predictor of seeking care at a health facility (aOR = 3.32, CI = 1.56--7.07). Caretakers who did not report looking for thirst as a sign of dehydration were less likely to seek care from a health facility for their child\'s diarrheal illness (aOR = 0.21, CI = 0.09--0.47) ([Table 5](#T5){ref-type="table"}).

Factors associated with ORS use among children with any diarrhea. {#s3h}
-----------------------------------------------------------------

Most (89.5%) caretakers indicated that ORSs works well to treat diarrhea. However, only 63 (22.9%) of 275 children with any diarrhea, regardless of severity, were offered ORS at home according to their caretakers. A higher proportion of children with MSD (46 of 182, 25.3%) compared with LSD (17 of 93, 18.3%) were offered ORS at home (*P* \> 0.05).

We examined factors associated with the use of ORSs at home for the child\'s diarrheal illness ([Table 6](#T6){ref-type="table"}). In the multivariate weighted analysis, caretakers were less likely to use ORSs at home for infants versus older children (aOR = 0.35, CI = 0.14--0.89). They were more likely to use ORSs at home if the primary caretaker had some formal education versus none (aOR = 3.01, CI = 1.41--6.42), if the caretaker perceived that dehydration could result in harm or death (aOR = 5.54, CI = 2.23--13.73), if the child had vomiting three or more times per day during the diarrheal episode (aOR = 3.33, CI = 1.56--7.11), if the caretaker knew of a child who died of bloody diarrhea (aOR = 2.73, CI = 1.20--6.20), if the child was offered the usual amount to eat or less than usual during their diarrheal episode (aOR = 8.24, CI = 1.80--37.73), and if the caretaker believed that breastfeeding prevents diarrheal illness (aOR = 16.19, CI = 1.32--199.21).

Estimated care seeking for diarrhea in the HDSS from the HUAS and HUAS-lite. {#s3i}
----------------------------------------------------------------------------

Our weighted analysis estimated that caretakers of 81.5% (CI = 76.5--86.4) of children in the HDSS with any diarrheal episode in the past 2 weeks sought care outside the home. In general, care was sought from licensed providers (57.6%, CI = 49.9--65.5), unlicensed providers (12.5%, CI = 7.2--17.7), and pharmacies (29.9%, CI = 22.5--37.3).

Among children with reported diarrhea specifically in the HUAS-lite, 82.0% of those children with MSD (95% CI = 80.6--83.4) received care outside the home versus 67.3% (95% CI = 65.4--69.2) of children with LSD (when averaged over the five surveys) ([Table 1](#T1){ref-type="table"}).

Care seeking for moderate-to-severe diarrhea in the HDSS from the HUAS-lite. {#s3j}
----------------------------------------------------------------------------

Among those caretakers seeking care for MSD in the HUAS-lite, 61.9% (95% CI = 59.9--63.9) sought care from a health facility; 35.4% (95% CI = 32.8--37.9) of MSD cases seeking care at a health facility specifically visited one of the GEMS case-control study sentinel healthcare facilities ([Table 1](#T1){ref-type="table"}). Of note, there were no significant differences in the proportions of caretakers who sought care at GEMS case-control study sentinel health facilities for MSD (586/1657, 35.4%) or LSD (293/929, 31.5%) over the course of the five rounds (*P* = 0.496 for MSD; *P* = 0.369 for LSD).

Discussion {#s4}
==========

Our study found that the 2-week period prevalence of diarrhea was 26% at the baseline HUAS and decreased over the five HUAS-lite surveys of caretakers of all children in the HDSS from 11% to 4% between 2009 and 2010. The key findings of our surveys were that less than one-half of children with diarrheal disease receive care at a licensed healthcare facility and that substantial proportions of children with diarrhea are given less food and drink than normal and are not offered ORS. Health use surveys can be helpful in extrapolating burden data from surveillance studies, like GEMS, which use sentinel hospitals to capture patients. Because GEMS calculates population-based incidence of diarrheal disease and its specific attributed etiologies, having reliable estimates on the proportion of children with diarrheal disease who are seen at the sentinel study clinics provides a basis for using a multiplier to adjust incidence rates to account for what was missed because of the surveillance methodology.[@R9]

These surveys also provide guides to direct interventions to reduce the public health impact of diarrheal disease. For example, our survey documents that ORSs are underused in Kenya,[@R20]--[@R23] similar to other locations in Africa.[@R21],[@R24] Findings from this study and others[@R20]--[@R24] can provide an impetus for raising community and clinician awareness and parental demand for ORSs, an inexpensive remedy that has been estimated to save over 1.5 million children\'s lives per year.[@R3],[@R25] Community education is also needed to ensure that parents continue to feed and provide increased drink to children, particularly infants, with diarrhea. Failure to do so may hasten severe dehydration and death from diarrheal disease.

In developing countries, diarrhea is often inadequately managed at home,[@R24] and delays in seeking care for moderate to severe pediatric diarrheal illness are common in Kenya, leading to poor outcomes.[@R26] Strategies, policies, and interventions to reduce childhood diarrheal disease should take into consideration that the caretakers in Kenya (and possibly, in similar settings) are not familiar with the critical importance of appropriate home management of diarrhea, especially for infants who may be at highest risk of poor outcomes. A concerning observation from the HUAS is that 85.5% of caretakers of children with diarrhea, regardless of severity, knew that ORSs work well to treat diarrhea but only 22.9% of caretakers in practice offered their child ORSs at home during an episode. This finding, coupled with the finding that caretakers in the study population substantially decrease both fluid and food intake for their children during diarrheal illness, is worrisome and contrary to World Health Organization recommendations.[@R3] Such findings have also been reported recently in a number of studies in rural and urban Kenya, and they are consistent with global trends in reductions in ORS use and the practice of decreasing the amount of fluid given to children during their diarrheal illness.[@R21],[@R24] Such inappropriate home management may have been a factor in the finding that caretakers were less likely to seek healthcare outside the home for infants with diarrhea, but among those caretakers who did seek healthcare, the location was most commonly a health facility. Furthermore, the finding that caretakers were significantly more likely to seek care when their ill child had lethargy, may represent inadequate home management of diarrheal illness as lethargy may have been a proxy for late presentation of infants to health facilities in a critical life threatening condition. Early home management may have avoided such situations.

Almost three-quarters of caretakers said that they usually walk the health facility of choice, and 74% of caretakers reported that it takes less than 1 hour to get to their health facility of choice. Moreover, the main reason that caretakers gave for not seeking care outside the home was that children did not seem to need care, which corroborates poor recognition of disease severity in children. Overprescription of antibiotics by clinicians and inappropriate use of antibiotics at home before seeking care have previously been reported in the study area and are responsible for the emergence of antimicrobial-resistant strains of enteric bacteria.[@R26]--[@R28] In the HUAS, we found that 14% of children who reached a health facility had already been offered unprescribed antibiotics administered by the caretaker, which is consistent with previous observations.[@R27] In recent qualitative studies in the area, caretakers reported a preference to using Western antimicrobial and antimotility drugs over fluid-based medicines, which are not as effective in stopping diarrhea.[@R20] Empowering caregivers to be comfortable giving ORSs and know to continue feeding by educational messages and campaigns and increasing community ORS availability are essential to improving diarrhea management.[@R22] Caretakers\' knowledge of a child who had died of bloody diarrhea and their awareness that bloody diarrhea may be more dangerous than other forms of diarrhea were associated with the caretaker reporting that the child had diarrhea in the 2 weeks preceding the HUAS survey. This result could suggest that caretakers who are better informed on the potentially serious nature of diarrhea may be more astute in recognizing an episode of diarrhea among their young children. Caretakers were more likely to seek care in the HUAS if they reported that they never endure circumstances that make it difficult to reach their health facility of choice. This result may suggest that these particular caretakers have little or no circumstantial barriers (such as cost, flooding, or lack of transportation) to seeking care for their child\'s diarrhea.

Our study is subject to biases, because we depended on caretakers\' recall of the occurrence of the child\'s diarrheal episode over the previous 2 weeks; also, we assumed that caretakers were familiar with signs and symptoms of diarrhea, such as sunken eyes, wrinkled skin, and dehydration, to classify diarrhea as MSD or LSD. Qualitative behavioral research among caretakers of young children coupled with the HUAS and HUAS-lite surveys would have aided in interpretation of the reasons for the lack of appropriate home management and beliefs related to seeking care. Although diarrhea among young children occurred frequently, it seemed to differ in this community at the time of the one-time cross-sectional HUAS survey (26%) compared with the five HUAS-lite surveys (4--11%). Data were collected from a sample of 1,425 children in the HDSS population in 2007 and the entire population of approximately 21,000 children during five census rounds from May of 2009 to December of 2010; thus, the HUAS-lite estimates are likely more precise estimates of diarrhea prevalence, because we captured the whole HDSS population and not just a random sample as in the HUAS cross-sectional survey. The difference in prevalence between the baseline and census rounds may also be a consequence of the differences in methods used between the baseline HUAS and the subsequent five surveys. The baseline survey was a cross-sectional survey conducted at a single point in time (during a rainy season) among a randomly selected subset of children in the HDSS; in contrast, in the HUAS-lite, which was conducted in the entire HDSS population, we approached all children in the HDSS for interview over a much longer period for each of the five surveys. In addition, there may have been differences in caregivers recall between the two surveys or interviewer bias, because different teams administered the HUAS and HUAS-lite. However, declines in diarrhea have also been noted in HDSS surveillance over the last few years (KEMRI/CDC, unpublished data) as coincident with hygiene and in-home water treatment promotion, increased use of ORSs, and seeking treatment of diarrhea at a health facility among HDSS residents.[@R29] The proportion of childhood diarrhea episodes classified as MSD remained consistently between 50% and 60% when captured over the course of the five rounds of the HUAS-lite surveys. Given the findings from the HUAS-lite surveys that were carried out to assess seasonal trends in diarrhea prevalence and healthcare seeking, it is important that future studies calculating diarrheal incidence account for seasonality. The data collected on MSD prevalence and healthcare seeking from GEMS sentinel health facilities in the five HUAS-lite surveys will be used to extrapolate incidence rates from GEMS surveillance for MSD in Kenya, which was conducted during the same time period in sentinel health facilities within the same geographic area.
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###### 

Prevalence of diarrhea in the last 2 weeks among children \< 5 years old and healthcare-seeking pattern for diarrhea by HUAS-lite round from May 22, 2009 to December 31, 2010 in western Kenya

  Characteristic                                                       Round 1: May 22 to August 31, 2009 (*n*/*N*; %)   Round 2: September 15 to December 3, 2009 (*n*/*N*; %)   Round 3: January 28 to April 30, 2010 (*n*/*N*; %)   Round 4: May 27 to August 31, 2010 (*n*/*N*; %)   Round 5: September 14 to December 31, 2010 (*n*/*N*; %)   Overall (rounds 1--5): May 22, 2009 to December 31, 2010 (*n*/*N*; %; 95% CI)   *P* value for trend (rounds 1--5)
  -------------------------------------------------------------------- ------------------------------------------------- -------------------------------------------------------- ---------------------------------------------------- ------------------------------------------------- --------------------------------------------------------- ------------------------------------------------------------------------------- -----------------------------------
  No. of HDSS resident children \< 5 years approached                  20,256 (19.99)                                    20,928 (20.68)                                           20,687 (20.42)                                       19,691 (19.44)                                    19,755 (19.50)                                            101,317                                                                         \< 0.0001
  No. of HDSS resident children \< 5 years with interviews conducted   19,221/20,556 (94.89)                             19,733/20,928 (94.29)                                    19,735/20,687 (95.40)                                18,916/19,691 (96.06)                             18,887/19,755 (95.61)                                     96,492/101,317 (95.24, 95.07--95.41)                                            \< 0.0001
  Any diarrhea                                                         2,070/19,221 (10.77)                              1,017/19,773 (5.15)                                      1,116/19,735 (5.65)                                  898/18,916 (4.75)                                 738/18,887 (3.91)                                         5,839/96,492 (6.05, 5.88--6.23)                                                 \< 0.0001
  MSD                                                                  1,137/2,070 (54.93)                               539/1,017 (52.99)                                        641/1,116 (57.41)                                    518/898 (57.68)                                   427/738 (57.86)                                           3,262/5,839 (55.87, 54.54--57.19)                                               0.0351
   Sought care outside home                                            915/1,137 (80.47)                                 425/539 (78.85)                                          537/641 (83.78)                                      444/518 (85.71)                                   354/427 (82.90)                                           2675/3632 (82.00, 80.63--83.38)                                                 \< 0.012
   Sought care from a health facility                                  627/915 (68.52)                                   276/425 (64.94)                                          354/537 (65.92)                                      221/444 (49.77)                                   179/354 (50.57)                                           1,657/2,675 (61.94, 59.98--63.91)                                               \< 0.0001
   Sought care from a GEMS sentinel health facility                    227/627 (36.20)                                   87/276 (31.52)                                           122/354 (34.46)                                      77/221 (34.84)                                    73/179 (40.78)                                            586/1657 (35.37,32.82--37.91)                                                   0.496
  LSD                                                                  933/2,070 (45.07)                                 478/1,017 (47.00)                                        475/1,116 (42.56)                                    380/898 (42.32)                                   311/738 (42.14)                                           2,577/5,839 (44.13, 42.81--45.46)                                               0.0351
   Sought care outside home                                            609/933 (65.27)                                   307/478 (64.23                                           354/475 (74.53)                                      269/380 (70.79)                                   195/311 (62.70)                                           1,734/2,577 (67.29, 65.39--69.18)                                               0.2711
   Sought care from a health facility                                  330/609 (54.19)                                   157/307 (51.14)                                          186/354 (52.54)                                      145/269 (53.90)                                   111/195 (55.92)                                           929/1734 (53.58, 51.07--56.08)                                                  0.6290
   Sought care from a GEMS sentinel health facility                    94/330 (28.48)                                    51/157 (32.48)                                           71/186 (38.17)                                       39/145 (26.90)                                    38/111 (34.23)                                            293/929 (31.54, 28.29--34.79)                                                   0.3695

###### 

Description of the population surveyed in the HUAS study population in western Kenya in 2007 (unweighted analysis; *N* = 1,043)

  Characteristic                                                   Interviewed caretakers (*N* = 1,043)   Interviewed caretakers of children with diarrhea in preceding 2 weeks (*N* = 275)         
  ---------------------------------------------------------------- -------------------------------------- ----------------------------------------------------------------------------------- ----- ----
  Child\'s age stratum (months)                                                                                                                                                                     
   0--11                                                           366                                    35                                                                                  112   41
   12--23                                                          340                                    33                                                                                  108   39
   24--59                                                          337                                    32                                                                                  55    20
  Child\'s sex: female                                             501                                    48                                                                                  118   43
  Primary caretaker of the child interviewed was a parent          987                                    95                                                                                  266   97
  Child\'s mother lives in household                               1,016                                  97                                                                                  271   99
  Child\'s father lives in household                               731                                    70                                                                                  194   71
  Child\'s primary caretaker completed primary school or above     549                                    53                                                                                  131   48
  Median no. (IQR) of people living in house for past 6 months     5 (4--7)                               5 (4--7)                                                                                  
  Median no. (IQR) of rooms in house for sleeping                  2 (1--2)                               2 (1--2)                                                                                  
  Median no. (IQR) of children ages \< 60 months living in house   2 (1--2)                               2 (1--2)                                                                                  

IQR = interquartile range.

###### 

Independent predictors of any diarrheal illness among children \< 5 years old in the HUAS in western Kenya in 2007 (weighted analysis; *N* = 1,043)

  Variable[\*](#TFN2){ref-type="table-fn"}                                                                Any diarrhea   Unadjusted OR (95% CI)   aOR[†](#TFN3){ref-type="table-fn"} (95% CI)   
  ------------------------------------------------------------------------------------------------------- -------------- ------------------------ --------------------------------------------- -------------------
  Child\'s age group (months)                                                                                                                                                                   
   0--11                                                                                                  112/366        30.5                     2.27 (1.57--3.27)                             2.19 (1.50--3.21)
   12--23                                                                                                 108/340        31.4                     2.37 (1.63--3.46)                             2.24 (1.53--3.30)
   24--59                                                                                                 55/337         16.2                     Reference                                     Reference
  Child\'s sex                                                                                                                                                                                  
   Male                                                                                                   157/542        24.7                     1.32 (0.96--1.83)                             1.24 (0.88--1.75)
   Female                                                                                                 118/501        19.8                                                                   
  Caretaker knows a child who died of bloody diarrhea                                                                                                                                           
   Yes                                                                                                    63/185         33.0                     1.99 (1.34--2.97)                             2.30 (1.50--3.54)
   No                                                                                                     207/843        19.8                                                                   
  Caretaker thinks bloody diarrhea is more dangerous than simple loose watery and cholera-like diarrhea                                                                                         
   Yes                                                                                                    159/526        26.7                     1.67 (1.21--2.31)                             1.68 (1.20--2.35)
   No                                                                                                     114/514        17.9                                                                   
  Caretaker knows ways to prevent bloody diarrhea                                                                                                                                               
   Yes                                                                                                    102/458        17.6                     0.60 (0.43--0.83)                             0.57 (0.41--0.81)
   No                                                                                                     173/585        26.4                                                                   

Based on the inclusion criteria, 22 variables were initially included in the model; results are shown for the significant variables controlling for age and sex.

aORs, where all ORs control for other factors in the model.

###### 

Independent predictors of seeking care outside the home for children \< 5 years old with any diarrhea in the HUAS in western Kenya in 2007 (weighted analysis; *N* = 275)

  Variable[\*](#TFN4){ref-type="table-fn"}                                                                Sought care outside home for any diarrhea   Unadjusted OR (95% CI)   aOR[†](#TFN5){ref-type="table-fn"} (95% CI)   
  ------------------------------------------------------------------------------------------------------- ------------------------------------------- ------------------------ --------------------------------------------- --------------------
  Child\'s age group (months)                                                                                                                                                                                                
   0--11                                                                                                  76/112                                      67.7                     0.31 (0.13--0.76)                             0.33 (0.12--0.87)
   12--23                                                                                                 90/108                                      84.3                     0.80 (0.31--2.07)                             0.72 (0.26--1.97)
   24--59                                                                                                 48/55                                       87.1                     Reference                                     Reference
  Child\'s sex                                                                                                                                                                                                               
   Male                                                                                                   123/157                                     81.9                     1.06 (0.54--2.09)                             1.27 (0.57--2.81)
   Female                                                                                                 91/118                                      80.9                                                                   
  Lack of transportation makes it difficult for caretakers to reach their health center of first choice                                                                                                                      
   Yes                                                                                                    51/59                                       90.5                     2.55 (1.09--5.99)                             3.18 (1.13--8.89)
   No                                                                                                     163/216                                     78.9                                                                   
  Sunken eyes as a symptom that the child presented with during the diarrheal illness                                                                                                                                        
   Yes                                                                                                    145/162                                     92.2                     6.38 (3.10--13.16)                            4.76 (2.12--10.70)
   No                                                                                                     69/113                                      64.9                                                                   
  Antibiotic offered to the child at home during diarrheal illness                                                                                                                                                           
   Yes                                                                                                    38/43                                       93.3                     3.65 (1.34--9.97)                             3.41 (1.07--10.82)
   No                                                                                                     176/232                                     79.2                                                                   
  Feeding practices at home during diarrheal illness                                                                                                                                                                         
   Offered less than usual to eat                                                                         189/223                                     86.5                     4.57 (2.06--10.13)                            3.42 (1.37--8.53)
   Offered usual or more than usual to eat                                                                23/46                                       58.3                                                                   
  Caretaker thinks that medication is the best way to prevent any diarrheal illness                                                                                                                                          
   Yes                                                                                                    41/48                                       90.5                     2.44 (0.99--6.00)                             3.51 (1.27--9.72)
   No                                                                                                     173/227                                     79.6                                                                   

Based on the inclusion criteria, 16 variables were initially included in the model; results are shown for the significant variables controlling for age and sex.

aORs, where all ORs control for other factors in the model.

###### 

Independent predictors of seeking care from a health facility among children \< 5 years old with any diarrhea in the HUAS in western Kenya in 2007 (weighted analysis; *N* = 214)

  Variable[\*](#TFN6){ref-type="table-fn"}                                                              Sought care for any diarrhea at a health facility   Unadjusted OR (95% CI)   aOR[†](#TFN7){ref-type="table-fn"} (95% CI)   
  ----------------------------------------------------------------------------------------------------- --------------------------------------------------- ------------------------ --------------------------------------------- ---------------------
  Child\'s age group (months)                                                                                                                                                                                                      
   0--11                                                                                                53/76                                               69.7                     2.30 (1.08--4.93)                             5.06 (1.88--13.61)
   12--23                                                                                               46/90                                               51.8                     1.08 (0.52--2.22)                             1.35 (0.57--3.21)
   24--59                                                                                               24/48                                               49.98                    Reference                                     Reference
  Child\'s sex                                                                                                                                                                                                                     
   Male                                                                                                 77/123                                              54.7                     1.03 (0.59--1.80)                             0.65 (0.32--1.34)
   Female                                                                                               46/91                                               54.5                                                                   
  Caretaker\'s education                                                                                                                                                                                                           
   More than primary school (some formal education)                                                     67/104                                              65.1                     2.35 (1.25--4.44)                             3.32 (1.56--7.07)
   Less than primary school (no formal education)                                                       56/110                                              44.2                                                                   
  Caretaker looks to see if the child is thirsty to assess dehydration                                                                                                                                                             
   Yes                                                                                                  34/65                                               43.3                     0.52 (0.27--1.03)                             0.21 (0.09--0.47)
   No                                                                                                   89/149                                              59.4                                                                   
  Caretaker perceives that blood in stool can cause harm or death to the child                                                                                                                                                     
   Yes                                                                                                  112/186                                             57.9                     2.95 (1.15--7.60)                             3.25 (1.16--9.09)
   No                                                                                                   11/28                                               31.8                                                                   
  Caretaker never endures circumstances that make it difficult to reach the health facility of choice                                                                                                                              
   Yes                                                                                                  32/42                                               69.7                     2.25 (0.93--5.44)                             3.90 (1.47--10.35)
   No                                                                                                   91/172                                              50.6                                                                   
  Lethargy as a symptom during diarrheal illness                                                                                                                                                                                   
   Yes                                                                                                  112/185                                             57.6                     2.41 (0.92--6.30)                             5.73 (1.79--18.42)
   No                                                                                                   11/29                                               36.1                                                                   
  Child was offered ORSs at home for diarrheal illness                                                                                                                                                                             
   Yes                                                                                                  43/56                                               75.5                     3.50 (1.57--7.84)                             6.99 (3.01--16.22)
   No                                                                                                   80/158                                              46.8                                                                   
  Child was offered no special remedies at home for diarrheal illness                                                                                                                                                              
   Yes                                                                                                  22/27                                               79.1                     3.73 (1.17--11.86)                            10.17 (2.84--36.37)
   No                                                                                                   101/187                                             50.4                                                                   

Based on the inclusion criteria, 14 variables were initially included in the model; results are shown for the significant variables controlling for age and sex.

aORs, where all ORs control for other factors in the model.

###### 

Independent factors associated with use of ORSs at home among children \< 5 years old with any diarrhea in the HUAS in western Kenya in 2007 (weighted analysis; *N* = 275)

  Variable[\*](#TFN8){ref-type="table-fn"}                                                   Reported ORS use at home for child\'s diarrheal illness   Unadjusted OR (95% CI)   aOR[†](#TFN9){ref-type="table-fn"} (95% CI)          
  ------------------------------------------------------------------------------------------ --------------------------------------------------------- ------------------------ ---------------------------------------------------- ----------------------
  Child\'s age group (months)                                                                                                                                                                                                        
   0--11                                                                                     20/112                                                    17.7                     0.53 (0.25--1.14)                                    0.35 (0.14--0.89)
   12--23                                                                                    27/108                                                    23.7                     0.77 (0.37--1.61)                                    0.85 (0.35--2.06)
   24--59                                                                                    16/55                                                     28.9                     Reference                                            Reference
  Child\'s sex                                                                                                                                                                                                                       
   Male                                                                                      41/157                                                    29.0                     1.78 (0.90--3.53)                                    1.64 (0.78--3.48)
   Female                                                                                    22/118                                                    18.7                                                                          
  Caretaker\'s education                                                                                                                                                                                                             
   More than primary school (some formal education)                                          36/131                                                    30.6                     1.92 (0.99--3.70)                                    3.01 (1.41--6.42)
   Less than primary school (no formal education)                                            27/144                                                    18.7                                                                          
  Caretaker perceives that diarrhea with vomiting can result in harm to or death of child                                                                                                                                            
   Yes                                                                                       48/218                                                    21.8                     0.48 (0.22--1.01)                                    0.10 (0.03--0.32)
   No                                                                                        15/57                                                     36.9                                                                          
  Caretaker perceives that presence of dehydration can result in harm to or death of child                                                                                                                                           
   Yes                                                                                       43/160                                                    29.0                     1.86 (0.94--3.71)                                    5.54 (2.23--13.73)
   No                                                                                        20/115                                                    18.0                                                                          
  Child has vomiting three or more times per day during diarrheal episode                                                                                                                                                            
   Yes                                                                                       32/89                                                     35.2                     2.19 (1.12--4.32)                                    3.33 (1.56--7.11)
   No                                                                                        31/183                                                    19.9                                                                          
  Caretaker knows a child who died of bloody diarrhea                                                                                                                                                                                
   Yes                                                                                       21/63                                                     32.6                     1.86 (0.89--3.88)                                    2.73 (1.20--6.20)
   No                                                                                        40/207                                                    20.7                                                                          
  Feeding practices at home during diarrheal illness                                                                                                                                                                                 
   Offered usual/less than usual to eat                                                      59/223                                                    28.1                     5.10 (1.70--15.31)[‡](#TFN10){ref-type="table-fn"}   8.24 (1.80--37.73)
   Offered more than usual to eat                                                            4/46                                                      7.1                                                                           
  Caretaker believes that breastfeeding prevents childhood diarrheal illness                                                                                                                                                         
   Yes                                                                                       3/5                                                       69.6                     7.38[§](#TFN11){ref-type="table-fn"}                 16.19 (1.32--199.21)
   No                                                                                        60/270                                                    23.7                                                                          

Based on the inclusion criteria, 17 variables were initially included in the model; results are shown for the significant variables controlling for age and sex.

aORs, where all ORs control for other factors in the model.

Exact Pearson χ^2^ *P* value is 0.0076.

Exact Pearson χ^2^ *P* value is 0.081. CI for OR is not presented because of small cell sizes.
